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1

DIGITAL VALVE CONTROLLERS AND SEAL
WASHER ASSEMBLIES FOR USE WITH
DIGITAL VALVE CONTROLLERS

FIELD OF THE DISCLOSURE

The disclosure relates generally to digital valve control-
lers and, more particularly, to digital valve controllers and
seal washer assemblies for use with digital valve controllers
that are used in process control applications that use com-
bustible gasses as a supply medium.

BACKGROUND

Instruments used 1n combustible and/or explosive gas
process control applications often require conductors to send
information from one compartment or device to another
compartment or device. These conductors may pass through
compartments that may contain combustible and/or explo-
sive gases, which are used as the supply medium. In some
cases, the pressure of the supply medium 1s monitored and
transmitted to a remote processor for analysis and/or process
control monitoring.

SUMMARY

In accordance with a first example, a digital valve con-
troller includes a main housing. The main housing includes
an opening. The digital valve controller includes a terminal
box. The terminal box includes an internal surface defining
a bore. The bore of the terminal box being aligned with the
opening of the main housing. The digital valve controller
includes a seal washer assembly. The seal washer assembly
1s disposed within the bore and includes a body. The body
has a bore. The seal washer assembly includes a flange. The
flange 1s coupled to the body and includes a passage, a
face-seal groove, and an exterior-seal groove. The seal
washer assembly includes a face seal. The face seal 1s
disposed within the face-seal groove. The face seal sealing
engages the main housing. The seal washer assembly
includes an exterior seal. The exterior seal 1s disposed within
the exterior-seal groove. The exterior seal sealingly engages
the internal surface of the terminal box. The seal washer
assembly includes an electrical coupling. The electrical
coupling extends through the passage of the flange and the
bore of the body.

In accordance with a second example, a seal washer
assembly includes a body. The body has a bore. The seal
washer assembly 1ncludes a flange. The flange 1s coupled to
the body and includes a passage, a face-seal groove, and an
exterior-seal groove. The seal washer assembly 1ncludes a
tace seal. The face seal 1s disposed within the face-seal
groove. The seal washer assembly 1includes an exterior seal.
The exterior seal 1s disposed within the exterior-seal groove.

In accordance with a third example, a seal washer assem-
bly includes a body. The body includes a first portion, a
second portion, a flange, and defines a bore. The flange 1s
disposed between the first portion and the second portion.
The bore includes a pair of longitudinally spaced grooves.
The seal washer assembly includes a pair of fasteners. The
fasteners are received within corresponding ones of the
grooves of the body. The seal washer assembly includes a
plug. The plug 1s disposed within the bore of the body
between the fasteners. The plug includes a passage. The seal
washer assembly includes an electrical coupling. The elec-
trical coupling extending through the passage of plug and

the bore of the body.
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2

In accordance with a fourth example, a method of assem-
bling a seal washer assembly includes positioning an elec-
trical coupling through a passage of a flange of the seal
washer assembly and a bore of a body of the seal washer
assembly. The electrical coupling includes a first portion and
a second portion. The first portion extending from the flange
of the seal washer assembly and the second portion extend-
ing from the second portion of the seal washer assembly. The
method 1ncludes coupling connectors to the first portion of
the electrical coupling and the second portion of the elec-
trical coupling after the electrical coupling 1s positioned
through the passage of the flange of the seal washer assem-
bly and the bore of the body of the seal washer assembly.

In further accordance with the foregoing first, second,
third and/or fourth examples, an apparatus and/or method
may further include any one or more of the following:

In accordance with one example, the flange includes a first
portion and a second portion. The first portion includes a
potting cup and the face-seal groove. Further including
potting disposed within the potting cup of the flange and
potting disposed within the bore of the body of the seal
washer assembly.

In accordance with another example, the body of the seal
washer assembly includes an internal surface defining the
bore. The mternal surface being inwardly tapered toward the
flange.

In accordance with another example, the potting cup
includes radiused comers.

In accordance with another example, the body of the seal
washer assembly 1s coupled to the flange of the seal washer
assembly via a press-1it connection.

In accordance with another example, the flange includes
a collar. The collar of the flange receiving the body of the
seal washer assembly to form the press-fit connection.

In accordance with another example, the flange includes
an external step. The body of the seal washer assembly 1s
received within the step to form the press-fit connection.

In accordance with another example, the flange includes
a first portion and a second portion. The first portion
including the face-seal groove and the second portion
including a coupling groove. The body of the seal washer
assembly being received within the coupling groove.

In accordance with another example, the body of the seal
washer assembly includes an internal surface that defines the
bore. A coupling being formed between the internal surface
of the body and the flange.

In accordance with another example, the body of the seal

washer assembly includes an internal surface having one or
more mwardly extending protrusions. The internal surface
of the body defining the bore.

In accordance with another example, the flange includes
a first portion and a second portion. The first portion includes
a potting cup and the face-seal groove.

In accordance with another example, the potting cup
includes radiused corners.

In accordance with another example, further includes an
clectrical coupling. The celectrical coupling extending
through the passage of the flange and the bore of the body.

In accordance with another example, further including
potting disposed within the potting cup of the flange and
potting disposed within the bore of the body of the seal
washer assembly.

In accordance with another example, the body of the seal
washer assembly includes an internal surface defining the
bore. The mternal surface includes an anti-blowout feature.
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In accordance with another example, the plug includes a
first portion and a second portion. The first portion defining
a potting cup.

In accordance with another example, further including
potting disposed within the potting cup and potting disposed
within the bore of the body adjacent the second portion of
plug.

In accordance with another example, the plug includes an
external groove. Further including a seal. The seal disposed
within the external groove.

In accordance with another example, prior to positioning,
the electrical coupling through the passage of the flange of
the seal washer assembly and the bore of the body of the seal
washer assembly, coupling the flange and the body.

In accordance with a fifth example, a digital valve con-
troller includes a main housing. The main housing includes
an opening. The digital valve controller includes a terminal
box. The terminal box including a bore. The bore of the
terminal box 1s aligned with the opening of the main
housing. The digital valve controller includes a seal washer
assembly. The seal washer assembly 1s disposed within the
bore and includes a seal washer and a pair of inserts. The
seal washer includes a bore. The inserts being disposed
within the bore of the seal washer and each includes a first
portion, a second portion, and a groove. The grooves of the
corresponding inserts mate to form a passage extending
between the first portion of the 1nserts and the second portion
of the inserts. The digital valve controller includes an
clectrical coupling. The electrical coupling extends through
the passage formed by the grooves of the inserts.

In accordance with a sixth example, a seal washer assem-
bly includes a seal washer and a pair of inserts. The seal
washer includes a bore. The serts being disposed within
the bore of the seal washer and each including a first portion,
a second portion, and a groove. The grooves of the corre-
sponding inserts mate to form a passage extending between
the first portion of the mserts and the second portion of the
inserts.

In further accordance with the foregoing fifth and/or sixth
examples, an apparatus may further include any one or more
of the following;

In accordance with one example, further including potting,
disposed adjacent the first portion of the 1nserts and potting
disposed adjacent the second portion of the inserts.

In accordance with another example, the potting disposed
adjacent the first portion of the inserts provides a gas-seal
rating and the potting disposed adjacent the second portion
of the mserts provides an explosion-proof rating.

In accordance with another example, the potting i1s dis-
posed within the bore of the seal washer adjacent the first
portion of the inserts.

In accordance with another example, the potting disposed
adjacent the first portion of the inserts 1s positioned between
the first portion of the inserts and the seal washer.

In accordance with another example, the seal washer
includes an external groove. Further including a seal. The
seal being disposed within the external groove.

In accordance with another example, the bore of the
terminal box includes an internal surface. The seal sealing
engages the internal surface of the bore of the terminal box.

In accordance with another example, the seal washer
includes an internal step. Each first portion of the inserts
includes a flange. The flange engages the internal step of the
seal washer.

In accordance with another example, the internal step
faces the main housing.
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In accordance with another example, the electrical cou-
pling 1s a printed wiring board (PWB).

In accordance with another example, the passage between
the first portion of the inserts and the second portion of the
inserts has an oval cross-section.

In accordance with another example, the groove of each
of the inserts has radiused corners.

In accordance with another example, the electrical cou-
pling has radiused edges.

In accordance with another example, the 1nserts have a
semi-circular cross-section and the groove has an oval
cross-section.

In accordance with another example, further including a
hollow connector body having a bore. The seal washer and
the inserts being disposed within the bore of the hollow
connector body.

In accordance with another example, further including an
clectrical coupling. The celectrical coupling extending
through the passage formed by the grooves of the inserts.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic illustration of an example digital
valve controller assembled 1n accordance with the disclo-
sure.

FIG. 2 15 a cross-sectional view of a seal washer assembly
disposed within the bore of the terminal box of the digital
valve controller of FIG. 1.

FIG. 3 1s a cross-sectional view of another embodiment of
a seal washer assembly.

FIG. 4 1s a perspective cross-sectional view ol yet another
embodiment of a seal washer assembly.

FIG. 5 1s a cross-sectional view of yet another embodi-
ment of a seal washer assembly.

FIG. 6 1s a cross-sectional view of yet another embodi-
ment of a seal washer assembly.

FIG. 7 1s a schematic illustration of another embodiment
of a digital valve controller assembled 1n accordance with
the disclosure.

FIG. 8 1s a partially expanded view of the seal washer
assembly of FIG. 7 without the seal disposed within the
external groove of the seal washer.

FIG. 9 1s an 1sometric view of the seal washer assembly
of FIG. 7 including an electrical coupling.

FIG. 10 1s a partially transparent side view of the seal
washer assembly of FIG. 7.

FIG. 11 1s a perspective view ol a connector assembly
assembled 1n accordance with the disclosure.

FIG. 12 1s a top plan view of a printed wiring board
connector assembly constructed 1n accordance with the
teachings of the disclosure.

FIG. 13 1s a side plan view of the printed wiring board
connector assembly of FIG. 12.

FIG. 14 1s a perspective view of the printed wiring board
connector assembly of FIG. 12.

FIG. 15 15 a side plan view of a washer assembly of the
printed wiring board connector assembly of FIG. 12.

FIG. 16 1s a top plan view of the washer assembly of FIG.
15

FIG. 17 1s an end view of the washer assembly of FIG. 15.
FIG. 18 1s an end view of the washer assembly of FIG. 15
with rubber over-molding removed.

FIG. 19 15 a perspective view of the washer of the washer
assembly of FIG. 15.
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FIG. 20 1s a perspective view of the washer assembly of
FIG. 15.

DETAILED DESCRIPTION

Although the following text discloses a detailed descrip-
tion of example methods, apparatus and/or articles of manu-
facture, i1t should be understood that the legal scope of the
property right 1s defined by the words of the claims. Accord-
ingly, the following detailed description 1s to be construed as
examples only and does not describe every possible
example, as describing every possible example would be
impractical, 1 not 1mpossible. Numerous alternative
examples could be implemented, using either current tech-
nology or technology developed after the filing date of this
patent. It 1s envisioned that such alternative examples would
still fall within the scope of the claims.

Referring now to the drawings, FIG. 1 1s a schematic
illustration of an example digital valve controller 100
assembled 1n accordance with the teachings of the disclo-
sure. In accordance with the disclosed example, the digital
valve controller 100 1s attached to an actuator 102 and 1s
used to control the position of a control valve 104.

The digital valve controller 100 includes a main housing
106, a terminal box 108, and a seal washer assembly 110.
The seal washer assembly 110 acts as a conduit between the
main housing 106 and the terminal box 108 and 1s used to
allow communication, via an electrical coupling 112,
between a component 114 associated with the main housing
106 and a component 116 associated with the terminal box
108. In one example, the component 114 of the main housing
106 may be a sensor disposed within the main housing 106
and the component 116 of the terminal box 108 may be a
processor. However, the components 114, 116 may be dii-
terent depending on the application. In the example shown,
the component 114 1s disposed within the main housing 106
and the component 116 1s disposed within the terminal box
108. Alternatively, the components 114, 116 may be
reversed, or one or more of the components 114, 116 may be
disposed outside of the main housing 106 or the terminal box
108.

The main housing 106 includes an opening 118 and the
main housing 106 defines a chamber 120. The chamber 120
1s adapted to receive a supply medium 122 such as pressur-
ized air or a combustible and/or flammable gas, such as
natural gas.

The terminal box 108 includes an internal surface 124
having a chamifer 125 and the terminal box 108 defines a
bore 126. In the example shown, the bore 126 of the terminal
box 108 1s aligned with the opening 118 of the main housing,
106 and 1s coupled thereto via fasteners 128. The terminal
box 108 also defines a chamber 130 that, 1n the example
shown, houses the component 116. The chamber 130 of the
terminal box 108 may also house wiring 132 coupled to the
component 116.

The seal washer assembly 110 1s disposed, at least par-
tially, in the bore 126 of the terminal box 108 and the seal
washer assembly 110 includes a body 134 and a flange 136.
The body 134 may comprise aluminum or another metal and
the flange 136 may comprise plastic, or a similar material.
The aluminum may comprise 6061-aluminum alloy and the
plastic may comprise polyphenylene sulfide (PPS) or
Ryton®, 40% glass-filled. However, eitther the body 134 or
the flange 136 may be made of one or more diflerent
materials.

The body 134 of the seal washer assembly 110 1s coupled
to the flange 136 and the body 134 includes an internal
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surface 138 defining a bore 140. In the example shown, the
internal surface 138 inwardly tapers inwardly, toward the
flange 136. The internal surface 138 may additionally or
alternatively include one or more steps, ribs, or protrusions.
Any of the taper, the step, the rib, or the protrusion may
provide anti-blow out functionality when potting 1s recerved
within the bore 140, as further described below.

The flange 136 of the seal washer assembly 110 includes
a passage 139, a face-seal groove 141, and an exterior-seal
groove 142. The exterior-seal groove 142 may be a radial or
annular groove extending around an outer surface of the
flange 136. A face seal 144, such as an o-ring, 1s disposed
within the face-seal groove 141 and 1s adapted to sealing
engage a front surface 146 of the main housing 106. An
exterior seal 148, such as an o-ring, 1s disposed within the
exterior-seal groove 142 and 1s adapted to sealingly engage
the internal surface 124 of the terminal box 108. In an
example, the exterior seal 148 provides back-up or redun-
dant sealing functionality to the face seal 144 and may deter
egress 1nto the terminal box 108 from outside/environmental
conditions.

The electrical coupling 112 extends through the passage
139 of the flange 136 and the bore 140 of the body 134. An
interaction between the flange 136 and the electrical cou-
pling 112 may support the electrical coupling 112 within the
passage 139 and, more generally, relative to the seal washer
assembly 110. The electrical coupling 112 may comprise a
printed wiring board (PWB). The electrical coupling 112
may comprise ISOLA 370 HR. The electrical coupling 112
may have a thickness of approximately 0.062 inches and
may have a width of approximately 0.50 inches. However,
the electrical coupling 112 may be formed with other
dimensions.

In the example shown, connectors 149 are carried adja-
cent ends of the electrical coupling 112. The connectors 149
may be associated with a 4-wire version of the electrical
coupling 112 or a 6-wire version of the electrical coupling
112. Wires of the wiring 132 may be attached to the
connectors 149 of the electrical coupling 112 and the com-
ponent 116 of the terminal box 108 to allow communication
therebetween. Thus, the connectors 149 are conductors. In
the example shown aifter the electrical coupling 112 1s
passed through the passage 139 and the bore 140 of the body
134, the connectors 149 may be coupled to a first portion 150
of the clectrical coupling 112 and a second portion 151 of the
clectrical coupling 112. Thus, the electrical coupling 112
may be sized to pass through the flange 136 without the
connectors 149 attached. In the example shown, the first
portion 150 of the electrical coupling 112 extends from the
flange 136 of the seal washer assembly 110 and the second
portion 151 of the electrical coupling 112 extends from the
bore 140 of the body 134 of the seal washer assembly 110.

The flange 136 also includes a first portion 152 and a
second portion 153. In the example shown, the first portion
152 includes a potting cup 154 and the face-seal groove 141
and the second portion 153 includes a rearward projection/
collar 156. An annular space 158 1s formed by the collar 156.
An end portion 160 of the body 134 1s received within the
annular space 158 of the flange 136. An interaction between
the end portion 160 of the body 134 and an mnward surface
162 of the collar 156 forms a press-fit connection. The
press-1it connection couples the body 134 and the flange 136
together. Thus, in the example shown, the collar 156 of the
flange 136 receives the body 134 of the seal washer assem-
bly 110 to form the press-fit connection. However, the body
134 and the flange 136 may be coupled in different ways
including, for example, adhesive, a fastener (e.g., a bolt), or
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by over-molding the components. As an alternative, the
body 134 and the tlange 136 may be formed as a single part.
In yet other examples, the inward surface 162 and the collar
156 could be reversed.

In the example shown, an exterior step 164 1s formed

between the collar 156 of the flange 136 and the body 134

of the seal washer assembly 110. The internal surface 124
forming the bore 126 of the terminal box 108 includes an
internal step 166. The exterior step 164 of the seal washer
assembly 110 1s adapted to engage the internal step 166 of
the terminal box 108. Specifically, the seal washer assembly
110 1s positioned to allow pressure within the main housing
106 to urge the exterior step 164 of the seal washer assembly
110 into engagement with the internal step 166 of the
terminal box 108.

Potting 168 1s disposed within the potting cup 154 and
potting 170 1s disposed within the bore 140 of the body 134
of the seal washer assembly 110. The potting 168, 170 may
cnable the seal washer assembly 110 to be hermetically
sealed. In the example shown, the inward taper of the
internal surface 138 of the body 134 may be adapted to
provide an anti-blowout feature that deters the potting 170
from being urged out of the body 134 1n a direction generally
indicated by arrow 172. Thus, the mmward taper of the
internal surface 138 may provide a wedge eflect that retains
the potting 170 within the seal washer assembly 110. How-
ever, other anti-blowout features may be used (see, for
example, FIG. 5). In an example, the potting 168 may
comprise MasterBond® Supreme 10AOHT and the potting
170 may comprise Stycast® 2850 FI-FR/Cat 9 or Cat 11, or
Hardman® 42174/52174.

FI1G. 2 1llustrates a cross-sectional view of the seal washer
assembly 110 disposed within the bore 126 of the terminal
box 108 in accordance with another embodiment. In contrast
to the example illustrated 1n FIG. 1, the terminal box 108 of
FIG. 2 icludes a collar 202 that forms the bore 126 and the
main housing 106 of the digital valve controller 100 1s not
illustrated. The collar 202 may be integrally formed with the
terminal box 108 or may be a separate component coupled
(c.g., bolted) to the terminal box 108. Additionally, 1n
contrast to the example shown in FIG. 1, the pottings 168
and 170 are not 1llustrated.

In this example, the potting cup 154 has radiused corners
173. Using the radiused corners 173 or otherwise curved
surfaces instead of sharp corners may reduce the likelihood
that the potting 168 detaches and/or cracks when the seal
washer assembly 110 1s exposed to one or more thermal
cycles, for example. Additionally, in the example shown, the
collar 156 of the flange 136 i1ncludes a chamiered portion
174. An interaction between the chamiered portion 174 and
an internal edge 176 of the bore 126 may reduce the
difficulty of mserting the seal washer assembly 110 1nto the
bore 126 of the terminal box 108.

FIG. 3 illustrates a cross-sectional view of another
embodiment of a seal washer assembly 300. The seal washer
assembly 300 1s similar to the seal washer assembly 110 of
FIG. 1. However, in contrast, the seal washer assembly 300
includes a flange 302 having an external step 304. The seal
washer assembly 300 also includes a body 306 having an
internal surface 308. The internal surface 308 includes a
tapered portion 310 and a flat or annular portion 312. The
tapered portion 310 1s adapted as an anti-blowout feature.
The flat portion 312 1s adapted to correspond to a surface
314 forming the step 304 of the flange 302. In the example
shown, the body 306 of the seal washer assembly 300 1s
received within the step 304 to form a press-fit connection.
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Thus, the body 306 of the seal washer assembly 300
surrounds a portion 316 of the flange 302.

FIG. 4 illustrates a cross-sectional view of another
embodiment of a seal washer assembly 400. The seal washer
assembly 400 1s similar to the seal washer assembly 300 of

FIG. 3. However, the passage 139 of the flange 302 has

radiused ends 401. Thus, the passage 139 has an oval
cross-section. The radiused ends 401 of the passage 139 may
reduce the likelthood that the potting 168 detaches and/or
cracks when the seal washer assembly 110 1s exposed to one
or more thermal cycles, for example. Alternatively, the
passage 139 may have a diflerent cross-section such as, for
example, a rectangular cross-section.

In contrast to the seal washer assembly 300 of FIG. 3, the
seal washer assembly 400 includes a first portion 402 and a
second portion 404, where the first portion 402 includes the
face-seal groove 141 and the second portion 404 1ncludes a
coupling groove 406. In the example shown, the body 306
1s rece1ved within the coupling groove 406 to form a press-it
connection. Specifically, a press-fit connection 1s formed
between the internal surface 308 of the body 306 and the
flange 302. The coupling groove 406 includes an outward
tacing surface 407 that 1s adapted to correspond to the flat
portion 312 of the internal surtface 308 of the body 306 of the
seal washer assembly 400.

The body 306 of the seal washer assembly 400 also
includes a chamifered end portion 318 and an outward facing
surface 319. The chamiered end portion 318 may facilitate
iserting the seal washer assembly 400 within the bore 126
of the terminal box 108, for example. The outward facing
surface 319 may be coaxial and parallel to a central—
longitudinal axis of the body 306 of the seal washer assem-
bly 400.

The coupling groove 406 1s also formed by an inward
facing surface 420. In the example shown, a gap 408 is
provided between the outward facing surface 319 of the
body 306 of the seal washer assembly 400 and the inward
facing surface 320 forming the coupling groove 406. The
gap 408 may allow for the press-fit connection to be formed
between the body 306 and the flange 302. In an alternative
example, the outer diameter of the body 306 of the seal
washer assembly 400 may be sized such that the outward
facing surface 319 of the body 306 forms a press-fit con-
nection with the mward facing surface 320 forming the
coupling groove 406. In such examples, a gap may be
provided within the flat portion 312 of the internal surface
308 of the body 306 and the outward facing surface 407 of
the coupling groove 406. Alternatively, the tlat portion 312
may be removed. While the body 306 and the tlange 302 are
disclosed being coupled using an interference fit, the body
and the flange 302 may be coupled in different ways such
using adhesive.

FIG. 5 1illustrates a cross-sectional view of another
embodiment of a seal washer assembly 500. The seal washer
assembly 500 1s similar to the seal washer assembly 110 of
FIG. 1. However, 1n contrast, the seal washer assembly 500
includes a body 502 having an internal surface 504 defining
having a plurality of imnwardly extending protrusions 506.
The internal surface 504 of the body 502 defines a bore 508.
The bore 508 1s adapted to receive potting. The protrusions
506 may be adapted to provide an anti-blowout feature that
deters the potting from exiting the seal washer assembly 500
in a direction generally indicated by arrow 510. The pro-
trusions 506 are formed as ribs having a rectangular cross-
section. However, the protrusions 506 may have any other
cross-section and/or may be radially spaced.
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FIG. 6 1illustrates a cross-sectional view of another
embodiment of a seal washer assembly 600. In contrast to
some of the other examples disclosed herein, the seal washer
assembly 600 of FIG. 6 may be adapted to form a spigot
joint with the terminal box 108. Thus, 1n an example, the seal
washer assembly 600 may have a bi-direction explosion
prool rating.

The seal washer assembly 600 includes a body 602 having
a first portion 604, a second portion 606, and a tlange 608,
and defines a bore 610. The bore 610 1s defined by an
internal surface 611 of the body 602.

The first portion 604 of the body 602 extends through an
opening 612 of the terminal box 108. A press-fit connection
may be formed between an outer surface 613 of the first
portion 604 of the body 602 and an inward-facing surface
614 that forms the opening 612 of the terminal box 108. In
the example shown, a diameter of the first portion 604 of the
body 602 is less than a diameter of the second portion 606
of the body 602. Alternatively, a diameter of the first and
second portions 604, 606 of the body 602 may be similar or
the same.

The first portion 604 includes a chamiered-end portion
616. The chamifered-end portion 616 may reduce the difhi-
culty 1n 1mserting the body 602 of the seal washer assembly
600 within the opening 612 of the terminal box 108.
Alternatively, the chamfered end portion 616 may be
excluded or may be rounded.

The flange 608 of the body 602 1s positioned between the
first portion 604 of the body 602 and the second portion 606
of the body 602. A step 618 1s formed between a surface 620
of the flange 608 and an exterior-facing surface 622 of the
terminal box 108. The surface 620 of the flange 608 1s
adapted to engage the exterior-facing surface 622 of the
terminal box 108. A seal 623 1s positioned around the first
portion 604 of the body 602 adjacent the tlange 608. The seal
623 may an environmental seal that sealingly engages the
main housing 106 of the digital valve controller 100, for
example. The seal 623 may deter the egress into the main
housing 106 when the terminal box 108 i1s coupled to the
main housing 106.

The bore 610 includes a pair of longitudinally spaced
grooves 624, 626. Fasteners 628, 630 are received within
corresponding ones of the grooves 624, 626. The fasteners
628, 630 may be snap rings.

The bore 610 also includes a first portion 632 and a
second portion 634. The second portion 634 of the bore 610
defines the grooves 624, 626. In the example shown, the first
portion 632 of the bore 610 has a diameter less than the
second portion 634 of the bore 610. A step 636 15 formed
between the internal surface 611 of the body 602 between
the first portion 632 of the bore 610 and the second portion
634 of the bore 610. Thus, the bore 610 has a T-shaped cross
section.

In the example shown, a plug 638 1s disposed within the
bore 610 of the body 602 between the fasteners 628, 630.
The plug 638 includes a passage 640. The plug 638 also
includes a first portion 641 and a second portion 642. The
passage 640 extends between the first and second portions
641, 642 of the plug 638. The electrical coupling 112
extends through the passage 640 of the plug 638 and the bore
610 of the body 602.

Potting 644 1s disposed adjacent the first portion 641 of
the plug 638 and potting 646 1s disposed adjacent the second
portion 642 of the plug 638. In the 1llustrated example, the
first portion 641 of the plug 638 defines a potting cup 648.
The potting 644 1s disposed within the potting cup 648 and
the potting 646 1s disposed within the bore 610 of the body
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602. In an example, the potting 644 comprises Master-
Bond® Supreme 10AOHT and may be adapted to adhere to

the plug 638 and the potting 646 comprises Stycast® 2850
FT-FR/Cat 9 or Cat 11, or Hardman® 42174/52174.

The plug 638 includes an external groove 647. A seal 639
1s disposed within the external groove 647. The seal 639 may
be an O-ring. The seal 639 1s adapted to sealingly engage the
internal surface 611 defining the bore 610 of the body 602.

Turning now to FIG. 7 1s a schematic illustration of
another embodiment of a digital valve controller 1100. The
digital valve controller 1100 1s attached to an actuator 1101
and 1s used to control the position of a control valve 1102.

The digital valve controller 1100 includes a main housing,
1103, a terminal box 1104, and a seal washer assembly 1106.
The seal washer assembly 1106 acts as a conduit between the
main housing 1103 and the terminal box 1104 and 1s used to
allow communication via an electrical coupling 1107
between a component 1108 associated with the main hous-

ing 1103 and a component 1110 associated with the terminal
box 1104. The component 1081 of the main housing 1103

may comprise a sensor and the component 1110 of the
terminal box 1104 may comprise a processor. However, the
components 1108, 1110 may be different depending on the
application. In the example shown, the component 1108 1s
disposed within the main housing 1103 and the component
1110 1s disposed within the terminal box 1104. Alternatively,
one or more of the components 1108, 1110 may be disposed
outside of the main housing 1103 or the terminal box 1104.

The main housing 1103 includes an opening 1112 and
defines a chamber 1114. The chamber 1114 1s adapted to
receive a supply medium 11135 such as pressurized air or an
explosive or combustible gas, such as natural gas.

The terminal box 1104 includes a bore 1118. In the
example shown, the bore 1118 of the terminal box 1104 is
aligned with the opening 1112 of the main housing 1103 and
1s coupled relative thereto via fasteners 1119. The terminal
box 1104 also defines a chamber 1116 that, 1n the example
shown, houses the component 1110. The chamber 1116 may
also house wiring 1120 coupled to the component 1110.

The seal washer assembly 1106 1s disposed in the bore
1118 of the terminal box 1104. In the example shown, the
seal washer assembly 1106 includes a seal washer 1122 and
a pair of 1nserts 1124, 1126. The seal washer 1122 or either
of the inserts 1124, 1126 may comprise Ryton® R-4-200NA.
However, other materials may be used.

The seal washer 1122 includes an external groove 1128 1n
which a seal 1130 1s disposed. The seal 1130 may be an
O-ring. The seal 1130 i1s adapted to sealingly engage an
internal surface 1132 of the terminal box 1104 that defines
the bore 1118. The seal washer 1122 also includes a bore
1134 1n which the mserts 1124, 1126 are disposed. The seal
washer 1122 may 1nclude an internal step 1135 that faces the
main housing 1103. A diameter of the bore 1134 may be
approximately 0.838 inches. However, the bore 1134 may
have any other diameter.

In the example shown, the inserts 1124, 1126 are sub-
stantially similar or the same and each includes a first
portion 1136, a second portion 1138, and a groove 1140. The
first portion 1136 includes a ﬂange 1137 engaging the
internal step 11335 of the seal washer 1122. The seal washer
assembly 1106 1s positioned to allow pressure within the
chamber 1114 of the main housing 1103 to urge the flange
1137 of the mnserts 1124, 1126 into engagement with the
internal step 11335 of the seal washer 1122. The grooves 1140
of the 1nserts 1124, 1126 face one another and mate to form
a through passage 1142. The passage 1142 extends between
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the first portion 1136 of the inserts 1124, 1126 and the
second portion 1138 of the inserts 1124, 1126.

The electrical coupling 1107 extends through the passage
1142 formed by the grooves 1140 of the inserts 1124, 1126.
An interaction between the inserts 1124, 1126 and the
clectrical coupling 1107 may support the electrical coupling
1107 within the passage 1142. The electrical coupling 1107
may comprise a printed wiring board (PWB). The electrical
coupling 1107 may comprise ISOLA 370 HR. The electrical
coupling 1107 may have a thickness 1143 of approximately
0.062 mches and may have a width of approximately 0.50
inches. However, the electrical coupling 1107 may be
formed with other dimensions. In the example shown,
connectors 1144 are carried adjacent ends of the electrical
coupling 1107. In an example, wires of the wiring 1120 may
be attached to the connectors 1144 of the electrical coupling
1107 to facilitate communication with the component 1110.

Potting 1145 1s disposed adjacent the first portion 1136 of
the 1mserts 1124, 1126 and potting 1146 1s disposed adjacent
the second portion 1138 of the iserts 1124, 1126. The
potting 1145 and/or 1146 may hermetically seal the seal
washer assembly 1106.

In the example shown, the potting 1145 adjacent the first
portion 1136 of the mserts 1124, 1126 1s disposed within the
bore 1134 of the seal washer 1122. The potting 1143 adjacent
the first portion 1136 of the nserts 1124, 1126 may provide
the seal washer assembly 1106 or, more specifically, the
main housing 1103 of the digital valve controller 1100 with
a gas-seal rating and may deter the supply medium 1115
from passing from the main housing 1103 to the terminal
box 1104 via the bore 1118 of the terminal box 1104. As an
example, the potting 1145 may enable the seal washer
assembly 1106 to be bubble free at room temperature with
the chamber 1114 of the main housing 1103 being pressur-
ized to approximately 300 pounds per square inch gauge
(psig). The potting 1145 may comprise Master Bond®
Supreme 10HTFL. However, any other potting may be used.

The potting 1146 adjacent the second portion 1138 of the
iserts 1124, 1126 may provide the seal washer assembly
1106 and, specifically, the terminal box 1104 of the digital
valve controller 1100 with an explosion-proof rating. The
potting 1146 may comprise Hardman® 42174/521°74. How-
ever, any other potting may be used. Additionally, as an
alternative to using the potting 1145, 1146 or glue, the seal
washer assembly 1106 may be sealed using an over-molding
process.

FIG. 8 illustrates a partially expanded view of the seal
washer assembly 1106 of FIG. 7 without the seal 1130
disposed within the external groove 1128 of the seal washer
1122. In the example shown, the seal washer 1122 has a
circular cross-section and the inserts 1124, 1126 have a
semi-circular cross-section. Additionally, the grooves 1140
have radiused corners 1148. Using the radiused corners 1148
instead of sharp corners may reduce the likelihood that the
potting 1145, 1146 detaches and/or cracks when the seal
washer assembly 1106 1s exposed to one or more thermal
cycles, for example.

FIG. 9 1llustrates an 1sometric view of the seal washer
assembly 1106 of FIG. 7 including the electrical coupling
1107 extending through the inserts 1124, 1126. In the
example shown, the mating grooves 1140 have an oval
cross-section and edges 1150 of the electrical coupling 1107
are radiused. The radiused edges 1150 of the electrical
coupling 1107 may correspond to the radiused corners 1148
of the inserts 1124, 1126. However, the mating grooves 1140
may alternatively have a diflerent cross-section. For
example, the mating grooves 1140 may form a rectangular
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cross-section. In such an example, the corners of the grooves
1140 may form approximately a 90° angle.

FIG. 9 also illustrates a space/potting cup 1152 defined
between the first portion 1136 of the mserts 1124, 1126 and
an internal edge 1154 of the seal washer 1122. The space
1152 1s formed by the bore 1134 and 1s adapted to receive the
potting 1145. A depth 1155 (the depth 1s most clearly shown
in FIG. 10) of the space 1152 may be approximately 0.060
inches. However, the depth 11355 of the space 1152 may be
any other distance.

FIG. 10 1llustrates a partially transparent side view of the
seal washer assembly 1106 of FIG. 7. In the example shown,
the potting 1145 adjacent the first portion 1136 of the inserts
1124, 1126 1s positioned between the first portion 1136 of the
inserts 1124 and the seal washer 1122. Specifically, an outer
gap 1156 1s provided between an outer surface 1158 of the
inserts 1124, 1126 and an internal surface 1160 of the seal
washer 1122. The outer gap 1156 may be approximately
0.005 inches. However, the outer gap 1156 may be a
different distance. Additionally, 1n the example shown, an
interior gap 1162 1s provided between inner surfaces 1164 of
the inserts 1124, 1126. The interior gap 1162 may be
approximately 0.010 inches. However, the iterior gap 1162
may be a diflerent distance.

FIG. 11 1llustrates an example connector assembly 1200.
The connector assembly 1200 may be positioned within the
bore 1118 of the terminal box 1104. In such examples, the
bore 1118 of the terminal box 1104 may be adapted to have
a cross-section that corresponds to the cross-section of the
connector assembly 1200.

In the example shown, the connector assembly 1200
includes a hollow connector body 1202 including an exterior
surface 1204 and a bore 1206. The seal washer assembly
1106 of FIG. 7 may be disposed within the bore 1206 of the
connector body 1202. The potting 1145, 1146 1s received
within the bore 1206 of the connector body 1202.

The connector body 1202 includes a flange 1208 and an
exterior step 1210. The flange 1208 of the connector body
1202 may be adapted to be recerved within a corresponding,
portion of the bore 1118 of the terminal box 1104. The first
portion 1136 of the inserts 1124, 1126 may face the flange
1208 of the connector body 1202. The exterior step 1210 1s
defined between a central portion 1212 of the connector
body 1202 and an end portion 1214 of the connector body
1202.

A seal 1216 1s disposed around the end portion 1214 of the
connector body 1202 and adjacent the exterior step 1210.
The seal 1216 may be adapted to sealingly engage a portion
of the bore 1118 of the terminal box 1104.

Turning now to FIGS. 12-14, a conduit 2010 between a
first chamber 2012 and a second chamber 2014 of an
explosive gas process control system 1s 1llustrated. The
conduit 2010 illustrated 1n FIGS. 12-14 may be used 1n any
of the digital valve controllers 100, 1100 disclosed above.
An opening 2016 1s located 1n a wall 2018 between the first
chamber 2012 and the second chamber 2014. In the 1llus-
trated embodiment, the first chamber 2012 and the second
chamber 2014 are chambers located in an explosive gas
process control system. At least one of the first chamber
2012 and the second chamber 2014 is pressurized with an
explosive gas. An explosive gas 1s defined herein as any gas
that 1s 1ignitable at its existing pressure and which burns after
1gnition.

A connector assembly 2020 links a control system sensor
to a processor, as described above. The connector assembly
2020 includes a hollow connector body 2022 having an
inner surface 2024 that defines an mner diameter and an
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outer surface diameter 2026 that defines an outer diameter.
A seal washer 2030 includes a washer body 2032 and a
central opening 2034 through the washer body 2032. The
seal washer 2030 1s disposed 1n the hollow connector body
2022. A multi-layer mnsulated printed wiring board (PWB)
2040 extends through the central opening 2034.

Turning now to FIGS. 15-20, an overmolded rubber insert
2042 1s disposed between the PWB 2040 and the washer
body 2032. The overmolded rubber insert 2042 seals the
PWB 2040 against the washer body 2032 to prevent trans-
mission of gases from one side of the washer body 2032 to
another side of the washer body 2032, or from the first
chamber 2012 to the second chamber 2014.

As 1llustrated 1n FIG. 17, 1n one embodiment, the central
opening 2034 may have a rectangular shape.

As 1llustrated 1n FIG. 18, 1n another embodiment, the
central opening 2034 may have an oval or oblong shape.

The washer body 2032 in one embodiment may be
disk-shaped. The washer body 2032 may include an annular
channel 2050 (FIG. 19) 1n an outer circumierence 2052. In
some embodiments, an o-ring (not shown) 1s disposed 1n the
annular channel 2050. The o-ring may {facilitate a seal
between the washer body 2032 and the inner diameter 2024
of the hollow connector body 2022.

In the embodiment illustrated in FIGS. 15-20, the washer
body 2032 has a thickness tw of between 0.25 1n and 1.0 1n,
preferably approximately 0.4 1in. The washer body 2032 may
have an outer diameter wd of between 0.5 1n and 2 1n,
preferably approximately 1 in. The central opening 2034
may have an opening length of between 0.2 1n and 1.0 1n,
preferably approximately 0.566 1n, and an openming width ow
of between 0.01 in and 0.5 1n, preferably approximately
0.125 1n. The PWB 2040 may have a thickness tp of between
0.02 1 and 0.1 1n, preferably approximately 0.62 in. The
PWB 2040 may have a width wp of between 0.25 1n and 1.0
in, preferably approximately 0.5 1n. In some embodiments,
the washer body 2032 comprises a one piece polyphenylene
sulfide radial seal washer, such as a Ryton® seal washer. In
some embodiments, the washer body 2032 may include a
recessed central face 2060 that 1s surrounded by a raised
annular ring 2062. The central opening 2034 may be sur-
rounded by a raised collar 2064. The raised collar 2064
enhances the connection between the washer body 2032 and
the overmolded rubber insert 2042. The disclosed dimen-
sions advantageously facilitate seals between the PWB 2040
and the washer body 2032.

The disclosed connection assemblies may facilitate con-
nections between one or more field devices or sensors and
one or more controllers. In some embodiments, the field
devices may include one or more interfaces, such as, Field-
bus 1nterfaces, Profibus interfaces, HART interfaces, stan-
dard 4-20 ma interfaces, etc. The fielded devices themselves
may be smart field devices, such as HART, Profibus, or
FOUNDATION™ Fieldbus field devices, which include a
processor and a memory, or may be any other desired type
of devices. Some of these devices, such as Fieldbus field
devices, may store and execute modules, or sub-modules,
such as function blocks, associated with the control strategy
implemented in the controllers. The field devices and the
controllers may be housed 1n an enclosure having one or
more chambers, as described above. Such enclosures are
common 1n a process control environment but are equally
common 1n commercial, retail, residential, automotive,
appliance, etc., applications. The controllers may be coupled
to one or more host or operator workstations. While the
controllers and field devices and may be located within and
distributed throughout the sometimes harsh plant environ-
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ment, 1n particular environments housing explosive gases,
the operator workstations are usually located in control
rooms or other less harsh environments easily assessable by
controller or maintenance personnel.

The controllers may be, by way of example, DeltaV™
controllers sold by Emerson Process Management. The
controllers store and execute controller applications that
implement a control strategy using any number of different,
independently executed, control modules or blocks. Each of
the control modules can be made up of what are commonly
referred to as function blocks wherein each function block 1s
a part or a subroutine of an overall control routine and
operates 1n conjunction with other function blocks (via
communications called links) to implement process control
loops within the process plant. Function blocks, which may

be objects 1n an object oriented programming protocol,
typically perform one of an imnput function, such as that
assoclated with a transmitter, a sensor or other process
parameter measurement device, a control function, such as
that associated with a control routine that performs PID,
tuzzy logic, etc. control, or an output function that controls
the operation of some device, such as a valve, to perform
some physical function within the process plant.

From the foregoing, 1t will be appreciated that the above
disclosed apparatus, methods and articles of manufacture
relate to multiple conductor feed-thrus for use in environ-
ments were combustible or explosive gas may be used as a
pressure medium. In some examples, the feed-thrus are
formed of two materials that are coupled together via
adhesive, a press-fit connection, or over molding. If over
molding 1s used, the flange of the seal washer assembly and
the body of the seal washer assembly may be coupled
together using this technique.

Further, while several examples have been disclosed
herein, any features from any examples may be combined
with or replaced by other features from other examples.
Moreover, while several examples have been disclosed
herein, changes may be made to the disclosed examples
within departing from the scope of the claims.

What 1s claimed 1s:

1. A digital valve controller, comprising:

a main housing having an opening;

a terminal box having a bore, the bore of the terminal box
being aligned with the opening of the main housing;

a seal washer assembly disposed within the bore, the seal
washer assembly comprising:

a seal washer having a bore;

a pair ol inserts disposed within the bore of the seal
washer and each comprising a first portion, a second
portion, and a groove, a first groove from a first of the
pair of mserts and a second groove from a second of the
pair of 1nserts cooperating to form a passage extending
between the first portion of the inserts and the second
portion of the inserts; and

an electrical coupling extending through the passage
formed by the grooves of the inserts.

2. The digital valve controller of claim 1, further com-
prising potting disposed adjacent the first portion of the
iserts and potting disposed adjacent the second portion of
the of the inserts.

3. The digital valve controller of claim 2, wherein the
potting disposed adjacent the first portion of the inserts
provides a gas-seal rating and the potting disposed adjacent
the second portion of the inserts provides an explosion-proof
rating.
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4. The digital valve controller of claim 2, wherein the
potting 1s disposed within the bore of the seal washer
adjacent the first portion of the inserts.

5. The digital valve controller of claim 2, wherein the
potting disposed adjacent the first portion of the inserts 1s
positioned between the first portion of the iserts and the
seal washer.

6. The digital valve controller of claim 1, wherein the seal
washer comprises an external groove, further comprising a
seal, the seal disposed within the external groove.

7. The digital valve controller of claim 6, wherein the bore
of the terminal box comprises an internal surface, and
wherein the seal sealing engages the internal surface of the
bore of the terminal box.

8. The digital valve controller of claim 1, wherein the seal
washer comprises an internal step, and wherein each first
portion of the inserts comprises a flange, the flange engaging
the 1nternal step of the seal washer.

9. The digital valve controller of claim 8, wherein the
internal step faces the main housing.

10. The digital valve controller of claim 1, wherein the
clectrical coupling 1s a printed wiring board (PWB).

11. The digital valve controller of claim 1, wherein the
passage between the first portion of the inserts and the
second portion of the mserts has an oval cross-section.

12. The digital valve controller of claim 1, wherein the
groove ol each of the mserts comprises radiused comers.

13. The digital valve controller of claim 12, wherein the
clectrical coupling comprises radiused edges.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 11,408,528 B2 Page 1 of 1
APPLICATIONNO.  :16/541871

DATED : August 9, 2022
INVENTOR(S) : Ronald F. Hurd

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification

At Column 4, Line 65, “over-molding” should be -- overmolding --.

At Column 4, Line 66, “of the washer of the washer” should be -- of the washer --.
At Column 8, Line 51, “disclosed being” should be -- disclosed as being --.

At Column &, Line 52, “such” should be -- such as --.

At Column 9, Line 36, “may an” should be -- may be an --.

At Column 13, Line 50, “such as,” should be -- such as --.

At Column 14, Line 28, “were” should be -- where --.

Signed and Sealed this
Sixteenth Day ot April, 2024

=

Katherme Kelly Vidal
Director of the United States Patent and Trademark Office
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